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Description
Technical field

[0001] The present disclosure relates to a communi-
cation apparatus and a communication method.

Background Art

[0002] For example, as a method for a user to obtain
information such as advertisements in places such as
railways, commercial facilities, or the like, it is known to
obtain the information from information displayed on a
previously installed display.

[0003] As a method for a user to obtain better informa-
tion, as disclosed in NPL 1, a method using a search on
the Internet is known.

Citation List
Patent Literature

[0004] PL1: US 2017/078019 A1 relates to a method
for presenting information to a passenger of, e.g., a bus.
Unique Information, which is unique to the bus and spe-
cific to the location of the bus, is generated. The unique
Information is transmitted, in the form of visible light, to
aterminal carried by the passenger. Based on the unique
information, the terminal obtains a bus stop at which the
bus is currently stopped or is to stop next. If the next bus
stop matches an alighting point received as input by the
terminal, the passenger is notified to alight from the bus.

Non Patent Literature

[0005] NPL 1: "Comparing Internet search engines,"
Computer, volume 30, Issue 4 April 1997.

Summary of Invention

[0006] However, in order to obtain more appropriate
information, a user needs to input, for example, a search
keyword to a terminal, which causes a problem that it is
difficult to easily obtain the information. On the other
hand, when information is obtained from an image dis-
played on a display, the information displayed on the dis-
play may not be appropriate information the user wants
to obtain.

[0007] An aspect of the present disclosure provides a
communication apparatus and a communication method,
which allow a user to more easily obtain more appropriate
information.

[0008] The invention is defined by the features of the
independent claims. Embodiments and examples not
falling under the scope of the independent claims are for
illustrational purposes only.

[0009] The present invention is directed to embodi-
ments 8 and 9.
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[0010] The remaining embodiments serve the expla-
nation of the invention and are useful for understanding
the invention.

[0011] It should be noted that general or specific em-
bodiments may be implemented as a system, a method,
an integrated circuit, a computer program, a storage me-
dium, or any selective combination of a system, an ap-
paratus, a method, an integrated circuit, a computer pro-
gram, and a storage medium.

[0012] According to an aspect of the present disclo-
sure, a user can obtain more appropriate information by
a simple means.

[0013] Additional benefits and advantages of the dis-
closed embodiments will become apparent from the
specification and drawings. The benefits and/or advan-
tages may be individually obtained by the various em-
bodiments and features of the specification and draw-
ings, which need not all be provided in order to obtain
one or more of such benefits and/or advantages.

Brief Description of Drawings
[0014]

[Fig. 1] Fig. 1 is a diagram illustrating a principle of
line scan sampling.

[Fig. 2] Fig. 2 is a diagram illustrating an example of
an image captured via a long exposure time.

[Fig. 3] Fig. 3 is a diagram illustrating an example of
an image captured via a short exposure time.

[Fig. 4A] Fig. 4A is a diagram for illustrating 4PPM.
[Fig. 4B] Fig. 4B is a diagram used to illustrate a
Manchester coding scheme.

[Fig. 5] Fig. 5 is a diagram illustrating an example of
a configuration of a visible light communication sys-
tem.

[Fig. 6] Fig. 6 is a diagram illustrating an example of
a configuration of a communication system accord-
ing to non-claimed Embodiment 1.

[Fig. 7] Fig. 7 is a diagram illustrating an example of
a frame configuration according to Embodiment 1.
[Fig. 8] Fig. 8 is a diagram illustrating a positional
relationship between a device and a terminal accord-
ing to non-claimed Embodiment 2.

[Fig. 9] Fig. 9 is a diagram illustrating an example of
a configuration of a communication system accord-
ing to non-claimed Embodiment 3.

[Fig. 10] Fig. 10 is a diagram illustrating an example
of a frame configuration of a modulated signal trans-
mitted by a first device according to non-claimed Em-
bodiment 3.

[Fig. 11] Fig. 11 is a diagram illustrating an example
of a frame configuration of a modulated signal trans-
mitted by a base station according to non-claimed
Embodiment 3.

[Fig. 12] Fig. 12 is a flow chart illustrating an example
of a process performed in a communication system
according to non-claimed Embodiment 3.
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[Fig. 13] Fig. 13 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to non-claimed Embodiment 4.

[Fig. 14] Fig. 14 is a diagram illustrating an example
of a frame configuration of a modulated signal trans-
mitted by a first device according to non-claimed Em-
bodiment 4.

[Fig. 15] Fig. 15 is a diagram illustrating an example
of a frame configuration of a modulated signal trans-
mitted by a wireless apparatus of a terminal accord-
ing to non-claimed Embodiment 4.

[Fig. 16] Fig. 16 is aflow chartillustrating an example
of a process performed in a communication system
according to non-claimed Embodiment 4.

[Fig. 17] Fig. 17 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to non-claimed Embodiment 5.

[Fig. 18] Fig. 18 is a diagram illustrating an example
of a frame configuration of a modulated signal in-
cluding an SSID transmitted by a third device ac-
cording to non-claimed Embodiment 5.

[Fig. 19] Fig. 19 is a diagram illustrating an example
of a frame configuration of a modulated signal in-
cluding an encryption key transmitted by the third
device according to non-claimed Embodiment 5.
[Fig. 20] Fig. 20 is aflow chartillustrating an example
of a process performed in a communication system
according to non-claimed Embodiment 5.

[Fig. 21] Fig. 21 is a flow chart illustrating another
example of a process performed in a communication
system according to non-claimed Embodiment 5.
[Fig. 22] Fig. 22 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to non-claimed Embodiment 6.

[Fig. 23] Fig. 23 is aflow chartillustrating an example
of a process performed in a communication system
according to non-claimed Embodiment 6.

[Fig. 24] Fig. 24 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to non-claimed Embodiment 7.

[Fig. 25] Fig. 25 is a diagram illustrating an example
of a frame configuration of a modulated signal trans-
mitted by a fifth device according to non-claimed Em-
bodiment 7.

[Fig. 26] Fig. 26 is a diagram illustrating an example
of a frame configuration of a modulated signal trans-
mitted by the fifth device according to non-claimed
Embodiment 7.

[Fig. 27] Fig. 27 is a diagram illustrating an example
of a frame configuration of a modulated signal trans-
mitted by the fifth device according to non-claimed
Embodiment 7.

[Fig. 28] Fig. 28 is a diagram illustrating an example
of a frame transmission method by the fifth device
according to non-claimed Embodiment 7.

[Fig. 29] Fig. 29 is a diagram illustrating an example
of a manner of disposing a communication system
in an area according to non-claimed Embodiment 7.
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[Fig. 30] Fig. 30 is a flow chart illustrating an example
of a process performed in a communication system
according to non-claimed Embodiment 7.

[Fig. 31] Fig. 31 is a diagram illustrating another ex-
ample of a configuration of a communication system
that performs a visible light communication.

[Fig. 32] Fig. 32 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to Embodiment 8.

[Fig. 33] Fig. 33 is a diagram illustrating an example
of an advertisement distribution according to Em-
bodiment 8.

[Fig. 34] Fig. 34 is a diagram illustrating an example
of an advertisement distribution according to Em-
bodiment 8.

[Fig. 35] Fig. 35 is a diagram illustrating an example
of an advertisement distribution according to Em-
bodiment 8.

[Fig. 36] Fig. 36 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to Embodiment 8.

[Fig. 37] Fig. 37 is a diagram illustrating an example
of an advertisement distribution according to Em-
bodiment 8.

[Fig. 38] Fig. 38 is a diagram illustrating an example
of an advertisement distribution according to Em-
bodiment 8.

[Fig. 39] Fig. 39 is a diagram illustrating an example
of an advertisement distribution according to Em-
bodiment 8.

[Fig. 40] Fig. 40 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to Embodiment 9.

[Fig. 41] Fig. 41 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to Embodiment 9.

[Fig. 42] Fig. 42 is a diagram illustrating an example
in which displaying is switched depending on a man-
ner of moving a terminal according to Embodiment
10.

[Fig. 43] Fig. 43 is a diagram illustrating an example
in which a movement direction of a terminal is esti-
mated according to non-claimed Embodiment 10.
[Fig. 44] Fig. 44 is a diagram illustrating an example
of an apparatus connection related to a method of
updating data according to non-claimed Embodi-
ment 11.

[Fig. 45] Fig. 45 is a diagram illustrating an example
of an advertisement bid situation according to non-
claimed Embodiment 11.

[Fig. 46] Fig. 46 is a diagram illustrating an example
of an advertisement bid situation according to non-
claimed Embodiment 11.

[Fig. 47] Fig. 47 is a diagram illustrating an example
of apositional situation of monitors and persons each
having a communication apparatus according to
non-claimed Embodiment 12.

[Fig. 48] Fig. 48 is a diagram illustrating another ex-
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ample of a positional situation of monitors and per-
sons each having a communication apparatus ac-
cording to non-claimed Embodiment 12.

[Fig. 49] Fig. 49 is a diagram illustrating an example
of a configuration of a communication system ac-
cording to non-claimed Embodiment 13.

[Fig. 50] Fig. 50 is a diagram illustrating an example
of an advertisement bid situation according to non-
claimed Embodiment 13.

[Fig. 51] Fig. 51 is a diagram illustrating another ex-
ample of an advertisement bid situation according
to non-claimed Embodiment 13.

[Fig. 52] Fig. 52 is a diagram illustrating another ex-
ample of an advertisement bid situation according
to non-claimed Embodiment 13.

[Fig. 53] Fig. 53 is a diagram illustrating another ex-
ample of an advertisement bid situation according
to non-claimed Embodiment 13.

[Fig. 54] Fig. 54 is a diagram illustrating an example
of a configuration of a data generation apparatus ac-
cording to non-claimed Embodiment 14.

Description of Embodiments

[0015] Embodiments of the present disclosure are de-
scribed in detail below with reference to drawings.

[Modulation/demodulation method in visible light com-
munication]

[0016] Inavisible light communication method accord-
ing to an embodiment described below, a modulated sig-
nal is transmitted/received as a visible light signal.
[0017] First, an outline of the visible light communica-
tion method is described specifically.

<Line scan sampling>

[0018] A smartphone, a digital camera, or the like, in-
cludes an image sensor such as a CMOS (Complemen-
tary Metal Oxide Semiconductor) sensor. An image is
captured by a CMOS sensor not such that the whole area
of the image of scenery is captured at the exactly same
time but such that an amount of light sensed by the sensor
is output on a line-by-line base. Therefore, starting and
ending of receiving of light is controlled taking into ac-
count a time necessary for reading such that starting and
ending of light reception vary in time from line to line.
That is, the image captured by the CMOS sensor has a
feature in which many lines having a small time lag from
each other are superimposed.

[0019] The presentembodimentprovides a visible light
communication method using the above-described fea-
ture of the CMOS sensor, thereby achieving a highspeed
visible light signal reception. That is, in the visible light
communication method, by utilizing the fact that the ex-
posure time varies slightly from line to line, it is possible
to measure the luminance and color of a light source at
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a plurality of points of time on a line-by-line basis from
one image (captured by the image sensor) as shown in
Fig. 1, and thus it is possible to detect a signal modulated
at a higher rate than a frame rate.

[0020] Hereinafter, this sampling method is referred to
as "line scan sampling”, and a row of pixels exposed at
the same timing is referred to as an "exposure line".
[0021] However,whenanimage of alightsource which
flashes at a high rate (pulse lighting) is captured using
imaging setting made for a camera function (a function
of taking a moving image or a still image), flashing of the
light source does not cause a stripe pattern to appear
along the exposure lines. Because, in this setting, the
exposure time is much longer than the flash cycle (pulse
width) of the light source, the change in luminance due
to the flashing (a light emission pattern) of the light source
is averaged, and a change in pixel value between expo-
sure lines becomes extremely small and a resultant im-
age has substantially uniform luminance as shown in Fig.
2.

[0022] On the other hand, as shown in Fig. 3, when
the exposure time is set to a value close to the flash cycle
of the light source, it is possible to observe flashing of
the light source (the light emission pattern) as a change
in luminance of the exposure line.

[0023] For example, the exposure line is designed to
be parallel to the direction of the long side of the image
sensor. In this case, when the frame rate is set to, by way
of example, 30 fps (frames per second), 32400 or more
samples per second can be obtained for a resolution or
a size of 1920 X 1080, and 64800 or more samples per
second can be obtained for a resolution or a size of 3840
X 2160.

<Light source and modulation scheme>

[0024] In visible light communication, for example, an
LED (Light Emitting Diode) can be used as a transmitter.
LEDs are becoming popular as lighting or backlight
sources of displays, and can be flashed at high rates.
[0025] However, a light source used as a transmitter
for visible light communication can not be controlled so
as to flash freely for visible light communication. If flash-
ing in visible light communication is visible to human be-
ings, the original function of the light source as lighting
isimpaired. Therefore, itis required that the transmission
signal be as bright as possible without flicker being felt
by human eyes.

[0026] As a modulation scheme that meets this re-
quirement, for example, there is a modulation scheme
called 4-PPM (4-Pulse Position Modulation). Inthe 4PPM
scheme, 2 bits are represented by four combinations of
bight/dark states of a light source as shown in Fig. 4A.
In the 4PPM, as shown in Fig. 4A, 3 of 4 pulses are in
the bright state and 1 of 4 pulesis in the dark state. There-
fore, the average of the brightness (the average lumi-
nance) is 3/4 = 75% regardless of signals.

[0027] Forcomparison, a similar scheme called a Man-



7 EP 3 647 960 B1 8

chester coding scheme is shown in Fig. 4B. In the Man-
chester coding scheme, 1 bit is represented by 2 states,
and the modulation efficiency is 50% which is the same
as that of the 4PPM. However, because 1 of 2 pulses is
in a bright state and the other 1 of 2 is in a dark state,
the average luminance is 1/2 = 50%. That is, it can be
concluded that 4PPM is more suitable than the Manches-
ter coding scheme as a modulation scheme for visible
light communication.

<Example of Overall Configuration of Communication
System>

[0028] As shown in Fig. 5, the communication system
that performs visible light communication includes at
least a transmitter configured to transmit (emit) a light
signal and areceiver configured to receive (sense) a light
signal. For example, there are two types of transmitters:
variable light transmitters that change transmission con-
tent according to an image or content to be displayed;
and fixed light transmitters that continue to transmit fixed
transmission content.

[0029] The receiver may receive a light signal from the
transmitter and, for example, may obtain related infor-
mation associated with the light signal and provide it to
a user.

[0030] The outline of the visible light communication
method has been described above. The communication
method applicable to the light communication according
to embodiments described below is not limited to the
method described above. For example, a light emitting
unit of the transmitter may transmit data using a plurality
of light sources. Furthermore, another communication
method may be employed in which a receiver of the re-
ception apparatus may not be an image sensor such as
a CMOS but may be realized using a device, such as a
photodiode, capable of converting an optical signal to an
electrical signal. In this case, since it is not necessary to
perform sampling using the above-described line scan
sampling, itis applicable even to a system in which sam-
pling at a rate of more than 32400 per second is required.

(Embodiment 1)

[0031] Fig. 6 illustrates an example of a configuration
of a device 100 and that of a terminal 150 according to
Embodiment 1.

[Configuration of Device 100]

[0032] The device 100 (corresponding to a transmitter
for visible light communication) includes a visible light
source such as an LED (Light Emitting Diode), lighting,
or a light (also referred collectively to as a light source).
Hereinafter, the device 100 may also be referred to as
the "first device".

[0033] Inthefirstdevice 100in Fig. 6, atransmitter 102
gets, as an input thereto, information 101 related to a
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place or a location. Alternatively, information 105 related
to time may be input to the transmitter 102. Information
input to the transmitting unit 102 may include both the
information 101 related to the place or the location and
the information 105 related to the time.

[0034] The transmitter 102 gets, as inputs thereto, the
information 101 related to the place or the location and/or
the information 105 related to the time and generates a
(light) modulated signal 103 based on these input signals
and outputs the resultant modulated signal 103. The
modulated signal 103 is transmitted, for example, from
a light source 104.

[0035] An example of information 101 related to the
place or the location is described below.

<Example 1>

[0036] The information 101 related to the place or the
location may be information on a latitude of a place/lo-
cation and/or information on a longitude of the place/lo-
cation. For example, the information 101 related to the
place or the location may be information indicating "lati-
tude of 45° north and longitude of 135° east".

<Example 2>

[0037] The information 101 related to the place or the
location may be information indicating an address. For
example, the information 101 related to the place or the
location may be information indicating "1-1-1 XX-cyo,
Chiyoda-ku, Tokyo".

<Example 3>

[0038] The information 101 related to the place or the
location may be information related to a building, a facility,
or the like. For example, the information 101 related to
the place or the location may be information indicating
"Tokyo Tower".

<Example 4>

[0039] The information 101 related to the place or the
location may be information related to a unique place/lo-
cation of something installed in a building, a facility or the
like.

[0040] For example, let it be assumed that there are
spaces in a parking lot where it is allowed to park five
cars. In this situation, let A-1 denote a first parking space,
let A-2 denote a second parking space, let A-3 denote a
third parking space, let A-4 denote a fourth parking space,
and let A-5 denote a fifth parking space. In this case, for
example, information indicating "A-3" may be employed
as the information 101 related to the place or the location.
[0041] Note that such an example is not limited to the
case of parking lots. For example, information related to
"an area, a seat, a shop, a facility", or the like located in
a concert facility, a stadium such as a baseball stadium,
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a soccer stadium, a tennis stadium or the like, on an
airplane, in an airport lounge, in a railway facility, in a
station, or the like may be employed as the information
101 related to the place or the location.

[0042] Examples of the information 101 related to the
place or the location have been described above. Note
thatthe method of configuring the information 101 related
to the place or the location is not limited to the above
example.

[Configuration of terminal 150]

[0043] Theterminal 150 (corresponding to the receiver
for visible light communication) in Fig. 6 receives the
modulated signal 103 transmitted from the first device
100.

[0044] Alightreceiver (light receiver) 151 is, for exam-
ple, an image sensor such as a CMOS (Complementary
Metal Oxide Semiconductor) sensor, an organic CMOS
sensor, or the like. The light receiver 151 receives light
including the modulated signal transmitted from the first
device 100, and outputs a reception signal 152.

[0045] The reception signal 152 output from the light
receiver 151 may be a signal including information of an
image or a moving image acquired by the image sensor,
or may be an output signal output from an element that
performs photoelectric conversion (conversion from light
to an electric signal). In the following description, when
it is simply described that an apparatus at a receiving
end receives a modulated signal without describing a
process performed by the lightreceiver 151, itis assumed
thatthe lightreceiver 151 inthe apparatus at the receiving
end performs photoelectric conversion (conversion from
light to an electric signal) on the light including the mod-
ulated signal thereby obtaining a "signal of an image
and/or a moving image" and a "modulated signal for
transmitting information". However, the method de-
scribed above is an example of a method in which the
apparatus at the receiving end receives a modulated sig-
nal, and the method of receiving the modulated signal is
not limited to this example.

[0046] Areceiver 153 receives, as an input thereto, the
reception signal 152, and performs processing such as
demodulation, error correction decoding, and/or the like
on the modulated signal included in the reception signal
152 and outputs a result as reception data 154.

[0047] A data analysis unit 155 receives, as an input
thereto, the reception data 154 and analyzes the recep-
tion data 154 to estimate, for example, the place/location
ofthe terminal 150, and outputs information 156 including
at least place information and/or location information as-
sociated with the terminal 150.

[0048] A display 157 receives, as an input thereto, the
information 156, and displays a place/location of the ter-
minal 150 based on the place/location information asso-
ciated with the terminal 150 included in the information
156.
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[Frame configuration]

[0049] Fig. 7 illustrates an example of a frame config-
uration of a modulated signal transmitted by the first de-
vice 100.

[0050] InFig. 7, a horizontal axis represents time. The
first device 100 transmits, for example, a preamble 201,
and then transmits a control information symbol 202, a
symbol 203 related to place information or location infor-
mation, and a symbol 204 related to time information.
[0051] The preamble 201 is a symbol for use by the
terminal 150 in, when receiving a modulated signal trans-
mitted from the first device 100, performing, for example,
signal detection, time synchronization, frame synchroni-
zation, and/or the like.

[0052] The control information symbol 202 is a symbol
including, for example, data indicating a configuration of
a modulated signal, an error correction coding scheme
being used, a frame configuration and/or the like.
[0053] The symbol 203 related to place information or
locationinformation is a symbol including information 101
related to the place or the location shown in Fig. 6.
[0054] Note that a frame may include a symbol other
than the symbols 201, 202, and 203. For example, a
frame may include a symbol 204 related to time informa-
tion as shown in Fig. 7. The symbol 204 related to time
information includes, for example, information 105 relat-
ed to the time at which the first device 100 transmits a
modulated signal. The frame configuration of the modu-
lated signal transmitted by the first device 100 is not lim-
ited to that shown in Fig. 7, and the symbols included in
the modulated signal are not limited to those shown in
Fig. 7. The frame may include a symbol containing other
data/information.

[Effects]

[0055] When thefirstdevice 100 transmits a modulated
signal and the terminal 150 receives this modulated sig-
nal as described above with reference Fig. 6 and Fig. 7,
effects are obtained as described below.

[0056] Visible lightis used in transmitting the modulat-
ed signal from the first device 100, and thus this modu-
lated signal can be received by the terminal 150 only
when the location of the terminal 150 is not far from the
location of the first device 100. Therefore, by obtaining
the place/location information transmitted by the first de-
vice 100, the terminal 150 can easily obtain high-accu-
racy location information (without performing complicat-
ed signal processing).

[0057] Furthermore, when the first device 100 is in-
stalled in a place where it is difficult to receive GPS sat-
ellite radio waves, the terminal 150 can securely obtain
high-accuracy location information by receiving the mod-
ulated signal transmitted from the first device 100 even
in a situation in which it is difficult to receive radio waves
from GPS satellites.
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(Embodiment 2)

[0058] In Embodiment 2, an explanation is given for a
case where a plurality of first devices 100 described in
Embodiment 1 exist.

[0059] In the present embodiment, for example, as
shown in Fig. 8, a device #1-1 301-1 having a configu-
ration similar to that of the first device 100 shown in Fig.
6 transmits a modulated signal. A terminal 302 having a
configuration similar to that of the terminal 150 shown in
Fig. 6 receives the modulated signal transmitted by the
device #1-1 301-1, and obtains information related to, for
example, a place/location #1-1 and information related
to time #1-1.

[0060] Similarly, adevice #1-2 301-2, having the same
configuration as that of the first device 100 shown in Fig.
6, transmits a modulated signal. The terminal 302 re-
ceives the modulated signal transmitted from the device
#1-2 301-2, and obtains, for example, information related
to a place/location #1-2 and the information related to
time #1-2.

[0061] The terminal 302 can calculate the distance be-
tween the device #1-1 301-1 and the device #1-2 301-2
shown in Fig. 8 from the information related to the
place/location #1-1 and the information related to the
place/location #1-2. The terminal 302 can also calculate
the distance between the terminal 302 and the device
#1-1 301-1 based on the information related to the time
#1-1 and, for example, the information related to the time
at which the terminal 302 receives the modulated signal
transmitted from the device #1-1 301-1. Similarly, the ter-
minal 302 can calculate the distance between the termi-
nal 302 and the device #1-2 301-2 based on the infor-
mation related to the time #1-2 and, for example, the
information related to the time at which the terminal 302
receives the modulated signal transmitted from the de-
vice #1-2 301-2.

[0062] The terminal 302 can get to know the location
of the device #1-1 301-1 from the information related to
the place/location #1-1. The terminal 302 can get to know
the location of the device #1-2 301-2 from the information
related to the place/location #1-2.

[0063] Furthermore, the terminal 302 can obtain infor-
mation indicating a "triangle formed by the device #1-1
301-1, the device #1-2 301-2, and the terminal 302" from
the "distance between the device #1-1 301-1 and the
device #1-2 301-2", the "distance between the device
#1-1 301-1 and the terminal 302", and the "distance be-
tween the device #1-2 301-2 and the terminal 302".
[0064] Thus, the terminal 302 can calculate and obtain
the high-accuracy location of the terminal 302 from the
"location of the device #1-1 301-1", the "location of the
device #1-2 301-2", and the "triangle formed by the de-
vice #1-1 301-1, the device #1-2 301-2, and the terminal
302"

[0065] The geodetic survey method used by the termi-
nal 302 to obtain place/location information is not limited
to that described above, but any geodetic survey method
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may be employed. Examples of geodetic survey methods
include triangulation, traversing, trilateration, leveling,
and the like.

[0066] As described above, in the present embodi-
ment, the terminal 302 estimates the location of the ter-
minal 302 with high accuracy by obtaining the above-
described information from the plurality of devices 301
each including a light source that transmits place infor-
mation.

[0067] In the present embodiment, as in the Embodi-
ment 1, when the device 301 having the light source that
transmits place information is installed in a place where
it is difficult to receive GPS satellite radio waves, the ter-
minal 302 can securely obtain high-accuracy location in-
formation by receiving the modulated signal transmitted
from the device 301 even in a situation in which it is dif-
ficult to receive radio waves from GPS satellites.
[0068] In the above examples, the terminal 302 re-
ceives the modulated signal transmitted from the two de-
vices 301. However, the terminal 302 may receive mod-
ulated signals transmitted from more than two devices
301 in a similar manner. As the number of devices 301
increases, the accuracy of the location information cal-
culated by the terminal 302 increases.

(Embodiment 3)

[0069] Fig. 9 illustrates an example of a configuration
of a device 400, a terminal 450, and a base station 470
(or an AP (access point)) that communicates with the
terminal 450 according to Embodiment 3.

[0070] The device 400 includes, for example, a visible
light source such as an LED, lighting, a light source, or
a light. Hereinafter, the device 400 may also be referred
to as a "first device".

[0071] Inthe first device 400 shown in Fig. 9, elements
similar in operation to those in the first device 100 shown
in Fig. 6 are denoted by similar reference numerals. In
the terminal 450 shown in Fig. 9, elements similar in op-
eration to those in the terminal 150 shown in Fig. 6 are
denoted by similar reference numerals.

[0072] Inthefirst device 400 in Fig. 9, a transmitter 102
gets, as inputs thereto, for example, information 101 re-
lated to the place or the location, information 401-1 re-
lated to an SSID (service set identifier) functioning as an
identifier identifying the base station 470, and information
401-2 related to an access destination. Alternatively, in-
formation 105 related to time may be input to the trans-
mitter 102.

[0073] The transmitter 102 gets, as inputs thereto, in-
formation 101 related to the place or the location, the
information 401-1 related to the SSID, and the informa-
tion 401-2 related to the access destination, and/or infor-
mation 105 related to the time, and the transmitter 102
generates a (light) modulated signal 103 based on these
input signals and outputs the resultant modulated signal
103. The modulated signal 103 is transmitted, for exam-
ple, from a light source 104.
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[0074] Examples of the information 101 related to the
place or the location have been described above in Em-
bodiment 1, and thus a further description thereof is omit-
ted.

[0075] Next, information 401-1 related to the SSID and
information 401-2 related to the access destination are
described below.

[0076] First, the information 401-1 related to the SSID
is described.
[0077] The information 401-1 related to the SSID is

information indicating the SSID of the base station 470
in Fig. 9. In a case where itis determined in advance that
the SSID notified via a light signal is the SSID of a secure
base station, the first device 400 can provide, to the ter-
minal 450, access to the base station 470 which is a
secure access destination. This enables the terminal 450
in Fig. 9 to obtain information securely from base station
470.

[0078] On the other hand, the first device 400 can limit
terminals that are allowed to access the base station 470
to those terminals that are located within a space in which
itis possible to receive a light signal transmitted (emitted)
by the first device 400.

[0079] When the terminal 450 receives a light signal
transmitted in a predetermined scheme, the terminal 450
may determine that the notified SSID is an SSID of a
secure base station. The terminal 450 may perform a
separate process of determining whether the notified
SSID is secure or not. For example, the first device 400
may transmit a light signal including a predetermined
identifier, and the terminal 450 may determine whether
the notified SSID is an SSID of a secure base station or
not based on the received identifier. Alternatively, the
terminal 450 may not perform the process of determining
whether the base station is secure or not, but a user may
select a high-security first device 400 based on the nature
of visible light. The terminal 450 then may receive a light
signal from this first device 400 and may obtain the SSID
of the high-security base station.

[0080] Although only the base station 470 is shown as
a base station in Fig. 9, there may be one or more other
base stations (or APs) in addition to the base station 470.
Also, in such a case, the terminal 450 may access the
base station 470 using the SSID obtained from the first
device 400 to acquire information.

[0081] Next, information 401-2 related to the access
destination is described.

[0082] The access destination information 401-2 is in-
formation related to an access destination to which the
terminal 450 is to access to acquire information after the
terminal 450 accesses the base station 470. A specific
example of an operation according to the present em-
bodiment will be described later.

[0083] The SSID information 401-1 and the access
destination information 401-2 have been described
above.

[0084] The terminal 450 receives the modulated signal
103 transmitted from the first device 400.
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[0085] The lightreceiver 151 is, for example, animage
sensor such as a CMOS sensor or an organic CMOS
sensor. The lightreceiver 151 receives light including the
modulated signal transmitted from the first device 400,
and outputs a reception signal 152.

[0086] The receiver 153 receives, as an input thereto,
the reception signal 152 received by the light receiver
151, and performs processing such as demodulation/er-
ror correction decoding on the modulated signal included
in the reception signal 152 and outputs a result as recep-
tion data 154.

[0087] Thereception data 154 is input to the data anal-
ysis unit 155. The data analysis unit 155 estimates, for
example, the place/location of the terminal 450 from the
reception data 154. The data analysis unit 155 outputs
information 156 including at least place/location informa-
tion associated with the terminal 450, information 451
related to the SSID, and information 452 related to the
access destination.

[0088] The display 157 receives, as inputs thereto, the
information 156 including the place/location information
related to the terminal 450, the information 451 related
tothe SSID, and the information 452 related to the access
destination, and the display 157 displays, for example,
the place/location of the terminal 450, the SSID of the
communication destination to be accessed by the wire-
less apparatus 453 disposed in the terminal 450, and/or
the access destination (hereinafter, this displaying will
be referred to as "first displaying").

[0089] After performing the first displaying, the wire-
less apparatus 453 receives, as inputs thereto, the infor-
mation 451 related to the SSID and the information 452
related to the access destination. Based on the informa-
tion 451 related to the SSID, the wireless apparatus 453
connects to a communication destination by using, for
example, a radio wave. In the case shown in Fig. 9, the
wireless apparatus 453 is connected to the base station
470.

[0090] The wireless apparatus 453 generates a mod-
ulated signal from the data including the information re-
lated to the access destination based on the information
452 related to the access destination, and transmits the
resultant modulated signal to the base station 470 using,
for example, a radio wave.

[0091] In Fig. 9, the base station 470 which is a com-
munication counterpart of the terminal 450 receives the
modulated signal transmitted from the wireless appara-
tus 453 of the terminal 450.

[0092] Then,the base station 470 performs processing
such as demodulation, error correction decoding on the
received modulated signal and outputs reception data
471 including the information on the access destination
transmitted from the terminal 450. The base station 470
accesses a desired access destination via a network
based on the access destination information, and ob-
tains, for example, desired information 472 from the ac-
cessed destination. The base station 470 receives the
desired information 472 as an input thereto, generates a
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modulated signal from the desired information 472, and
transmits the resultant modulated signal to the terminal
450 (the wireless apparatus 453) using, for example, a
radio wave.

[0093] The wireless apparatus 453 of the terminal 450
receives the modulated signal transmitted from the base
station 470, and performs processing such as demodu-
lation/error correction decoding, and/or the like thereby
obtaining desired information 472.

[0094] Letit be assumed by way example that the de-
sired information 472 includes information about a map,
a map of a building/floor guide, a map of a facility/floor
guide, a map of a parking lot/floor guide, "area/seat/store/
facility" located in a concert facility/stadium/airplane/air-
port lounge/railway/station etc.

[0095] The display 157 receives, as inputs thereto, in-
formation 454 including the desired information 472, in-
formation 156 including at least the place/location infor-
mation related to the terminal 450, and information 451
related to the SSID, and the display 157 performs the
first displaying and further displaying such that the loca-
tion of the terminal 450 is mapped on the displayed in-
formation such as the map, the floor guide, facility infor-
mation, seat information, or shop information based on
the desired information 472 and the information 156 in-
cluding at least information on the place/location of the
terminal 450.

[0096] Fig. 10 illustrates an example of a frame con-
figuration of a modulated signal transmitted by the first
device 400 shown in Fig. 9. In Fig. 10, a horizontal axis
represents time. In Fig. 10, symbols similar, in informa-
tion conveyed thereby, to symbols shown in Fig. 7 are
denoted by similar reference numerals, and a further de-
scription thereof is omitted.

[0097] The first device 400 transmits, for example, a
preamble 201, and then transmits a control information
symbol 202, a symbol 203 related to place information
or location information, and a symbol 204 related to time
information, and, in addition, a symbol 600-1 related to
the SSID and a symbol 600-2 related to the access des-
tination.

[0098] The symbol 600-1 related to the SSID is a sym-
bol for transmitting the information 401-1 related to the
SSIDin Fig. 9, and the symbol 600-2 related to the access
destination is a symbol for transmitting the information
401-2 related to the access destination in Fig. 9. The
frame shown in Fig. 10 may include a symbol other than
the symbols described in Fig. 10. Note that the frame
configuration, including the order of transmitting sym-
bols, is not limited to the configuration shown in Fig. 10.
[0099] Fig. 11 illustrates an example of a frame con-
figuration of a modulated signal transmitted by the base
station 470 shown in Fig. 9. In Fig. 11, a horizontal axis
represents time.

[0100] Asshownin Fig. 11, the base station 470 trans-
mits, for example, a preamble 701, and then transmits a
control information symbol 702 and an information sym-
bol 703.
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[0101] The preamble 701 is a symbol used by the ter-
minal 450 in, when receiving a modulated signal trans-
mitted by the base station 470, performing, for example,
signal detection, time synchronization, frame synchroni-
zation, frequency synchronization, frequency offset esti-
mation, and the/or like.

[0102] The control information symbol 702 is, for ex-
ample, a symbol including data such as information re-
lated to an error correction coding scheme and modula-
tion scheme used in generating the modulated signal,
information related to a frame configuration, and/or the
like. The wireless apparatus 453 of the terminal 450 per-
forms processing such as demodulation or the like on
the modulated signal based on the information represent-
ed by the control information symbol 702.

[0103] The information symbol 703 is a symbol for
transmitting information. In the present embodiment, the
information symbol 703 is a symbol for transmitting the
desired information 472 described above.

[0104] The base station 470 shown in Fig. 9 may trans-
mit a frame including a symbol other than the symbols
shown in Fig. 11. For example, the base station 470 may
transmit a frame including a pilot symbol (a reference
symbol) in the middle of the information symbol 703, or
the like. The frame configuration, including the order of
transmitting symbols, is not limited to the configuration
shown in Fig. 11. In Fig. 11, a plurality of symbols may
exist in a direction along the frequency axis. That is, in
Fig. 11, symbols may exist at a plurality of frequencies
(a plurality of carriers).

[0105] Forexample,in a method, the modulated signal
in the frame configuration shown in Fig. 10 may be trans-
mitted by the first device 400, for example, repeatedly at
regular intervals. This makes it possible for a plurality of
terminals 400 to perform the operation as described
above.

[0106] Fig. 12is a flow chart illustrating an example of
a process performed by the "first device 400", the "ter-
minal 450", and the "base station 470" describe above
with reference to Fig. 9.

[0107] First, the first device 400 transmits a modulated
signal in the frame configuration shown in Fig. 10
(ST801).

[0108] The terminal 450 receives the modulated signal
transmitted from the first device 400, and estimates the
place/location of the terminal 450 (ST802).

[0109] The terminal 450 receives the modulated signal
transmitted from the first device 400, and also detects
the SSID of the base station 470 that the terminal 450 is
to access (ST803).

[0110] The terminal 450 transmits, to the base station
470 using a radio wave, a modulated signal including
data including information 452 related to an access des-
tination therefrom to obtain information such as a map
(ST804).

[0111] The base station 470 receives the modulated
signal transmitted from the terminal 450 and obtains ac-
cess destination information. The base station 470 ac-
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cesses a desired access destination via a network, and
obtains desired information such as a map (information
to be transmitted to the terminal 450) (ST805).

[0112] The base station 470 transmits a modulated sig-
nalincluding the desired information such as the acquired
map to the terminal 450 using, for example, a radio wave
(ST806).

[0113] Theterminal 450 receives the modulated signal
transmitted from the base station 470 and obtains infor-
mation such as a map. The terminal 450 then performs
displaying based on the information such as the map and
the already obtained information related to the place/lo-
cation of the terminal 450 (ST807).

[0114] Note that the terminal 450 may store the map
(nearby information) and the location information in a
storage unit (not shown) of the terminal 450 such that a
user is allowed to access the information stored in the
storage unit when the user of the terminal 450 wants to
access. This makes it possible for the user to more con-
veniently use the map (nearby information) and the lo-
cation information.

[0115] As described above, visible light is used in
transmitting the modulated signal from the first device
400, and thus this modulated signal can be received by
the terminal 450 only when the terminal 450 is located
within a range from the location of the first device 400 in
which it is possible to receive the light signal. Therefore,
by obtaining the place/location information transmitted
by the first device 400, the terminal 450 can easily obtain
high-accuracy location information (without performing
complicated signal processing).

[0116] Furthermore, when the first device 400 is in-
stalled in a place where it is difficult to receive GPS sat-
ellite radio waves, the terminal 450 can securely obtain
high-accuracy location information by receiving the mod-
ulated signal transmitted from the first device 400 even
in a situation in which it is difficult to receive radio waves
from GPS satellites.

[0117] Furthermore, based on the SSID information
transmitted from the first device 400, the terminal 450
may connect with the base station (or the AP) 470 to
obtain information thereby making it possible for the ter-
minal 450 to securely obtain information. This is because,
when the terminal 450 obtains information from the mod-
ulated signal of visible light, use of the visual light makes
it possible for the user to easily recognize, via a visual
inspection or the like, the first device 400 that transmits
the modulated signal and to easily determine whether
the information source is secure or not. In contrast, for
example, in a case where an SSID is acquired from a
modulated signal of a radio wave transmitted via a wire-
less LAN, it is difficult for a user to determine a device
from which the radio wave is received. Thus, from the
point of view of ensuring the security of information, vis-
ible light communication is more suitable for acquiring an
SSID than wireless LAN communication.

[0118] A plurality of signals may be further input to the
wireless apparatus 453 of the terminal 450 in Fig. 9. For
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example, a control signal for controlling the wireless ap-
paratus 453 and information to be transmitted to the base
station 470 may be input to the wireless apparatus 453.
In this case, by way of example, the wireless apparatus
453 may start communication based on the control sig-
nal. As described above, in the present embodiment, the
configuration of the first device is not limited to the con-
figuration of the firstdevice 400 in Fig. 9, the configuration
of the terminal is not limited to the configuration of the
terminal 450 of Fig. 9, and the connection destination to
be connected by the base station and the configuration
of the destination device are not limited to the connection
destination to be connected by the base station 470 and
the configuration of the destination device shown in Fig.
9.

[0119] Furthermore, although in the example shown in
Fig. 9, the base station 470 is the only base station ex-
isting there, there may be a plurality of (secure) base
stations (or APs) which can be accessed by the terminal
450. In this case, the symbol related to the SSID trans-
mitted by the first device 400 shown in Fig. 9 may include
information indicating the respective SSIDs of the plural-
ity of base stations (or APs). In this case, the display 157
of the terminal 450 in Fig. 9 displays information indicat-
ing access destinations (in the above-described "first dis-
playing") including a list of SSIDs of the plurality of base
stations and/or a list of a plurality of access destinations.
The terminal 450 in Fig. 9 may select one or more base
stations to which a wireless connection is actually made
based on the information indicating the SSIDs of the plu-
rality of base stations (or APs) (that is, the terminal 450
may connect to the plurality of base stations at the same
time).

[0120] For example, let it be assumed that there are
three base stations 470. Herein, let the three base sta-
tions 470 be respectively referred to as a base station
#A, a base station #B, and a base station #C. Further-
more, letit be assumed that the SSID of the base station
#A is "abcdef", the SSID of the base station #B is "ghijk",
and the SSID of the base station #C is "pqgrstu”. In this
case, the symbol 600-1 related to the SSID described in
the modulated signal transmitted from the first device 400
in the frame configuration shown in Fig. 10 includes in-
formation indicating that the SSID of the base station #A
is "abcdef’, SSID of the base station #B is "ghijk" and the
SSID of the base station #C is "pgrstu"”. The terminal 450
in Fig. 9 receives the symbol 600-1 related to the SSID,
and selects one or more base stations 470 to be actually
wirelessly connected based on the information indicating
that the SSID of the base station #A is "abcdef’, SSID of
the base station #B is "ghijk" and the SSID of the base
station #C is "pqrstu".

(Embodiment 4)
[0121] Fig. 13 is a diagram illustrating an example of

a configuration of a communication system according to
Embodiment 4.
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[0122] The communication system shown in Fig. 13
includes, for example, a device 1000, a terminal 1050,
and a base station (or an AP) 470 that communicates
with the terminal 1050.

[0123] Thedevice 1000 includes, forexample, avisible
light source such as an LED, lighting, a light source, and
a light (hereinafter, referred to as a light source 104).
Hereinafter, the device 1000 may also be referred to as
a"second device" according to the present embodiment.
[0124] In the second device 1000 shown in Fig. 13,
elements similar in operation to those in the first device
100 shown in Fig. 6 are denoted by similar reference
numerals. Inthe terminal 1050 shownin Fig. 13, elements
similar in operation to those in the terminal 150 shown in
Fig. 6 are denoted by similar reference numerals. Note
that it is assumed that communication between the wire-
less apparatus 453 of the terminal 1050 and the base
station 470 shown in Fig. 13 is performed using, for ex-
ample, radio waves.

[0125] In the second device 1000 in Fig. 13, a trans-
mitter 102 gets, as inputs thereto, information 1001-1 re-
lated to an SSID, information 1001-2 related to an en-
cryption key, and data 1002, and the second device 1000
generates a (light) modulated signal 103 based on these
input signals and outputs the resultant modulated signal
103. The modulated signal 103 is transmitted, for exam-
ple, from a light source 104.

[0126] Next, information 1001-1 related to the SSID
and information 1001-2 related to the encryption key are
described below.

[0127] First, the information 1001-1 related to the SSID
is described.

[0128] The information 1001-1 related to the SSID is
information indicating the SSID of the base station 470
in Fig. 13. By way of example, the base station 470 trans-
mits a modulated signal to the terminal 1050 via a radio
wave, and receives a modulated signal from the terminal
105 via a radio wave. That is, the second device 1000
can provide, to the terminal 1050, access to the base
station 470, which is a secure access destination. Thus,
the terminal 1050 shown in Fig. 13 can securely obtain
information from the base station 470.

[0129] Onthe other hand, the second device 1000 can
limit terminals allowed to access the base station 470 to
those terminals that are located within a space in which
itis possible to receive a light signal transmitted (emitted)
by the second device 1000.

[0130] When the terminal 1050 receives a light signal
transmitted in a predetermined scheme, the terminal
1050 may determine that the notified SSID is an SSID of
a secure base station. The terminal 1050 may perform a
separate process of determining whether the notified
SSID is secure or not. For example, the second device
1000 may transmit a light signal including a predeter-
mined identifier, and the terminal 1050 may determine
whether the notified SSID is an SSID of a secure base
station or not based on the received identifier.

[0131] Although only the base station 470 is shown in
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Fig. 13, there may be one or more other base stations
(or APs) in addition to the base station 470. Also, in such
a case, the terminal 1050 may access the base station
470 using the SSID obtained from the second device
1000 to acquire information.

[0132] Next, the information 1001-2 related to the en-
cryption key is described.

[0133] The information 1001-2 related to the encryp-
tion key is information related to an encryption key re-
quired for the terminal 1050 to communicate with the
base station 470. By acquiring the information 1001-2
related to the encryption key from the second device
1000, it becomes possible for the terminal 1050 to per-
form encrypted communication with the base station 470.
[0134] The information 1001-1 related to the SSID and
the information 1001-2 related to the encryption key have
been described above.

[0135] The terminal 1050 in Fig. 13 receives a modu-
lated signal transmitted from the second device 1000. In
the terminal 1050 shown in Fig. 13, elements similar in
operation to those in the terminal 150 shown in Fig. 6 or
the terminal 450 shown in Fig. 9 are denoted by similar
reference numerals.

[0136] The light receiver 151 of the terminal 1050 is,
for example, an image sensor such as a CMOS sensor
or an organic CMOS sensor. The light receiver 151 re-
ceives light including the modulated signal transmitted
from the second device 1000, and outputs a reception
signal 152.

[0137] The receiver 153 receives, as an input thereto,
the reception signal 152 received by the light receiver
151, and performs processing such as demodulation/er-
ror correction decoding on the modulated signal included
in the reception signal 152 and outputs a result as recep-
tion data 154.

[0138] The data analysis unit 155 receives, as an input
thereto, the reception data 154, and outputs, based on
the reception data 154, for example, information 1051
related to an SSID of a base station that is to be connect-
ed and information 1052 related to an encryption key for
communicating with the base station that is to be con-
nected. Encryption schemes for use in a wireless LAN
(Local Area Network) include, for example, WEP (Wired
Equivalent Privacy), WPA (Wi-Fi Protected Access),
WPA2 (Wi-Fi Protected Access 2) (PSK (Pre-Shared
Key) mode, EAP (Extended Authentication Protocol)
mode). Note that the encryption schemes are not limited
to the examples described above.

[0139] The display 157 receives, as inputs thereto, the
information 1051 on the SSID and the information 1052
onthe encryption key, and displays, forexample, an SSID
of a communication counterpart to be accessed by the
wireless apparatus 453 of the terminal 1050 and an en-
cryption key (this displaying is referred to as "first dis-
playing" according to the present embodiment).

[0140] For example, after the first displaying, the wire-
less apparatus 453 receives, as inputs thereto, the SSID
information 1051 and the encryption key information
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1052, and establishes a connection with the base station
470 (for example, aradio wave is used in the connection).
In this situation, in a case where the base station 470
also communicates with the wireless apparatus 453 of
the terminal 1050, the base station 470 transmits a mod-
ulated signal using, for example, a radio wave.

[0141] Thereafter, the wireless apparatus 453 re-
ceives, as inputs thereto, the data 1053 and the control
signal 1054, and modulates the data 1053 according to
the controlindicated by the control signal 1054 and trans-
mits a result as the modulated signal using a radio wave.
[0142] Then, for example, the base station 470 per-
forms data transmission (471) to a network and data re-
ception (472) from the network. Thereafter, for example,
the base station 470 transmits the modulated signal to
the terminal 1050 using a radio wave.

[0143] Thewirelessapparatus453intheterminal 1050
performs processing such as demodulation, error correc-
tion decoding, and/or the like on the modulated signal
received via the radio wave thereby acquiring reception
data 1056. The display 157 performs displaying based
on the reception data 1056.

[0144] Fig. 14 illustrates an example of a frame con-
figuration of the modulated signal transmitted by the sec-
ond device 1000 shown in Fig. 13. In Fig. 14, a horizontal
axis represents time. In Fig. 14, symbols similar to those
shown in Fig. 7 or Fig. 10 are denoted by similar reference
numerals, and a description thereof is omitted.

[0145] A symbol 600-1 related to the SSD is a symbol
for transmitting the information 1001-1 related to the
SSID shown in Fig. 13, and a symbol 1101 related to the
encryption key is a symbol for transmitting the information
1001-2 related to the encryption key shown in Fig. 13. A
data symbol 1102 is a symbol for transmitting the data
1002 shown in Fig. 13.

[0146] The second device 1000 transmits a preamble
201, a control information symbol 202, a symbol 600-1
related to the SSID, a symbol 1101 related to the encryp-
tion key, and a data symbol 1102. The second device
1000 may transmit a frame including a symbol other than
the symbols shown in Fig. 14. The frame configuration,
including the order of transmitting symbols, is not limited
to the configuration shown in Fig. 14.

[0147] Fig. 15 illustrates an example of a frame con-
figuration of a modulated signal transmitted by the wire-
less apparatus 453 included in the terminal 1050 shown
in Fig. 13. In Fig. 15, a horizontal axis represents time.
[0148] AsshowninFig. 15, the wireless apparatus 453
included in the terminal 1050 transmits, for example, a
preamble 1201, and then transmits a control information
symbol 1202 and an information symbol 1203.

[0149] The preamble 1201 is a symbol for use by the
base station 470 in, when receiving the modulated signal
transmitted from the wireless apparatus 453 of the ter-
minal 1050, performing, for example, signal detection,
time synchronization, frame synchronization, a frequen-
cy synchronization, frequency offset estimation and/or
the like.
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[0150] The control information symbol 1202 is, for ex-
ample, a symbol including data such as information re-
lated to an error correction coding scheme and a modu-
lation scheme used in generating a modulated signal,
information related to a frame configuration, information
related to a transmission scheme, and/or the like. The
base station 470 performs processing such as demodu-
lation on the modulated signal or the like based on the
information included in the control information symbol
1202.

[0151] The information symbol 1203 is a symbol for
the wireless apparatus 453 of the terminal 1050 to trans-
mit data.

[0152] Thewirelessapparatus453ofthe terminal 1050
may transmit a frame including a symbol other than the
symbols shown in Fig. 15. For example, the wireless ap-
paratus 453 may transmit a frame including a pilot symbol
(areference symbol)in the middle of the information sym-
bol 1203, or the like. The frame configuration, including
the order of transmitting symbols, is not limited to the
configuration shown in Fig. 15. In Fig. 15, a plurality of
symbols may exist in adirection along the frequency axis.
That is, in Fig. 15, symbols may exist at a plurality of
frequencies (a plurality of carriers). In Embodiment 3,
when the wireless apparatus 453 included in the terminal
450 shown in Fig. 9 transmits a modulated signal, the
frame configuration shown in Fig. 15 may be used.
[0153] The frame configuration of the modulated signal
transmitted by base station 470 according to the present
embodiment is the same as the frame configuration ac-
cording to Embodiment 3 described above with reference
to Fig. 11. That is, as shown in Fig. 11, the base station
470 transmits, for example, a preamble 701, and then
transmits a control information symbol 702 and an infor-
mation symbol 703.

[0154] The preamble 701 is a symbol for use by the
wireless apparatus 453 of the terminal 1050 in, when
receiving a modulated signal transmitted by the base sta-
tion 470, performing, for example, signal detection, time
synchronization, frame synchronization, frequency syn-
chronization, frequency offset estimation, and the/or like.
[0155] The control information symbol 702 is, for ex-
ample, a symbol including data such as information re-
lated to an error correction coding scheme and a modu-
lation scheme used in generating a modulated signal,
information related to a frame configuration, information
related to a transmission scheme, and/or the like. The
wireless apparatus 453 of the terminal 1050 performs
processing such as demodulation or the like on the mod-
ulated signal based on the information represented by
the control information symbol 702.

[0156] The information symbol 703 is a symbol used
by the base station 470 to transmit data.

[0157] The base station 470 shown in Fig. 13 may
transmit a frame including a symbol other than the sym-
bols shown in Fig. 11. For example, the base station 470
may transmit aframe including a pilot symbol (a reference
symbol) in the middle of the information symbol 703, or
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the like. The frame configuration, including the order of
transmitting symbols, is not limited to the configuration
shown in Fig. 11. In Fig. 11, a plurality of symbols may
exist in a direction along the frequency axis. That is, in
Fig. 11, symbols may exist at a plurality of frequencies
(a plurality of carriers).

[0158] Forexample, inamethod, the modulated signal
in the frame configuration shown in Fig. 14 may be trans-
mitted, for example, by the second device 1000, for ex-
ample, repeatedly at regular intervals. This makes it pos-
sible for a plurality of terminals 1050 to perform the op-
eration as described above.

[0159] Fig. 16 is a flow chart illustrating an example of
a process performed by the "second device 1000", the
"terminal 1050", and the "base station 470" described
above with reference to Fig. 13.

[0160] First, the second device 1000 transmits a mod-
ulated signal in the frame configuration shown in Fig. 14
(ST1301).

[0161] The terminal 1050 receives the modulated sig-
nal transmitted from the second device 1000, and detects
the SSID of the base station 470 that the terminal 1050
is to access (ST1302).

[0162] The terminal 1050 also acquires an encryption
key used for communication with the base station 470 to
be accessed by the terminal 1050 (ST1303).

[0163] The terminal 1050 then connects to the base
station 470 using a radio wave (ST1304). When the ter-
minal 1050 receives a response from the base station
470, the connection with the base station 470 is complet-
ed (ST1305).

[0164] The terminal 1050 then transmits connection
destination information to the base station 470 using a
radio wave (ST1306).

[0165] The base station 470 obtains information to be
transmitted to the terminal 1050 from a network
(ST1307).

[0166] The base station 470 transmits the obtained in-
formation to the terminal 1050 using a radio wave. The
terminal 1050 obtains this information (ST1308). The ter-
minal 1050 may obtain necessary information from the
network via the base station 470, for example, when nec-
essary.

[0167] As described above, the terminal 1050 con-
nects to the base station 470 based on the information
on the SSID and the information on the encryption key
transmitted from the second device 1000, and thus the
terminal 1050 can securely acquire information via the
base station 470 guaranteed to be secure. This is be-
cause when the terminal 1050 obtains information from
a modulated signal of visible light, use of the visible light
allows the user to easily determine whether the informa-
tion source is secure or not. In contrast, for example, in
a case where an SSID is acquired from a modulated sig-
nal of a radio wave transmitted via a wireless LAN, it is
difficult for a user to determine a device from which the
radio wave is received. Thus, from the point of view of
ensuring the security of information, visible light commu-
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nication is more suitable for acquiring an SSID than wire-
less LAN communication.

[0168] In the present embodiment described above,
by way of example, the second device 1000 transmits
the information on the encryption key. However, for ex-
ample, when the base station 470 does not perform com-
munication encrypted using an encryption key, the sec-
ond device 1000 may transmit only the information on
the SSID without transmitting the information on the en-
cryption key. In this case, the operation may be per-
formed in a similar manner as described above except
that part of the operation related to the encryption key
described above is not performed.

[0169] Note thatthe configuration of the second device
is not limited to the specific configuration of the second
device 1000 shown in Fig. 13. The configuration of the
terminal is not limited to the specific configuration of the
terminal 1050 shown in Fig. 13. The connection destina-
tion to which the base station is connected is not limited
to the connection destination to which the base station
470 shown in Fig. 13 is connected, and the configuration
of the connection destination device is not limited to the
configuration of the connection destination device shown
in Fig. 13.

[0170] Furthermore, although in the example shown in
Fig. 13, the base station 470 is the only base station
existing there, there may be a plurality of (secure) base
stations (or APs) which can be accessed by the terminal
1050. Note that the plurality of base stations and the ter-
minal 1050 transmit and receive modulated signals using
radio waves. In this case, the symbol related to the SSID
transmitted by the second device 1000 shown in Fig. 13
may include information indicating the respective SSIDs
of the plurality of base stations (or APs). In this case, the
display 157 of the terminal 1050 in Fig. 13 displays infor-
mation indicating access destinations including a list of
SSIDs of the plurality of base stations and/or a list of a
plurality of access destinations. The symbol related to
the encryption key transmitted by the second device 1000
shown in Fig. 13 may include information indicating the
respective encryption keys for connecting to the respec-
tive base stations (or APs). The terminal 1050 in Fig. 13
may select one or more base stations to be actually con-
nected wirelessly (for example, using radio waves) based
on the information on the SSIDs of the plurality of base
stations and the information on the encryption keys (that
is, the terminal 1050 may be connected to a plurality of
base stations at the same time).

[0171] For example, let it be assumed that there are
three base stations 470. Herein, let the three base sta-
tions 470 be respectively referred to as a base station
#A, a base station #B, and a base station #C. Further-
more, letit be assumed that the SSID of the base station
#A is "abcdef", the SSID of the base station #B is "ghijk",
and the SSID of the base station #C is "pqgrstu”. Let it be
further assumed that an encryption key for connecting to
the base station #A is "123", an encryption key for con-
necting to the base station #B is "456", and an encryption
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key for connecting to the base station #C is "789".
[0172] In this case, the symbol 600-1 related to the
SSID described in the modulated signal transmitted from
the second device 1000 in the frame configuration shown
in Fig. 14 includes information indicating the SSID of the
base station #A is "abcdef", SSID of the base station #B
is "ghijk" and the SSID of the base station #C is "pgrstu".
The symbol 1101 related to the encryption key in the
frame configuration shown in Fig. 14 includes information
indicating that the encryption key for connecting to the
base station #A is "123", the encryption key for connect-
ing to the base station #B is "456", and the encryption
key for connecting to the base station #C is "789".
[0173] The terminal 1050 in Fig. 13 receives the sym-
bol 600-1 related to the SSID thereby obtaining informa-
tion indicating that the SSID of the base station #A is
"abcdef", the SSID of the base station #B is "ghijk" and
the SSID of the base station #C is "pgrstu". The terminal
1050 also receives the symbol 1101 related to the en-
cryption key thereby obtaining information indicating that
the encryption key for connecting to the base station #A
is" 123 ", the encryption key for connecting to the base
station #B is "456" and the encryption key for connecting
to the base station #C is "789 ". The terminal 1050 selects
one or more base stations to be actually wirelessly con-
nected (for example, via a radio wave) based on these
pieces of information, and connects to the selected one
or more base stations.

[0174] By performing setting of the base station 470 to
be accessed by the terminal 1050 using a light source
such as an LED according to the present embodiment,
it becomes unnecessary for the modulated signal for
wireless communication transmitted by the terminal 1050
to have a special setting mode for a procedure to estab-
lish a wireless communication connection between the
terminal 1050 and the base station 470. It also becomes
unnecessary to provide, in the modulated signal trans-
mitted by the terminal 1050, a special setting mode for a
procedure to make a wireless communication connection
between the terminal 1050 and the base station 470.
Thus, according to the presentembodiment, it is possible
to improve the data transmission efficiency of wireless
communication.

[0175] Asdescribed above, the encryption key may be
an encryption key for the SSID for the wireless LAN, or
may be an encryption key for limiting the connection
mode, the service mode, the connection range of the
network, and/or the like. That is, an encryption key may
be introduced for imposing some restriction.

(Embodiment 5)

[0176] Fig. 17 is a diagram illustrating an example of
a configuration of a communication system according to
Embodiment 5.

[0177] The communication system shown in Fig. 17
includes, for example, devices 1400A and 1400B, a ter-
minal 1050, and a base station (or an AP) 470 that com-
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municates with the terminal 1050.

[0178] The devices 1400A and 1400B each include,
for example, a visible light source such as an LED, light-
ing, a light source, and a light (hereinafter referred to as
light sources 1406-1 and 1406-2). Hereinafter, the device
1400A will be referred to as a "third device" according to
the present embodiment, and the device 1400B will be
referred to as a "fourth device" according to the present
embodiment.

[0179] Intheterminal 1050 shown in Fig. 17, elements
that operate in similar manners to those in the terminal
150 shown in Fig. 6 or the terminal 1050 shown in Fig.
13 are denoted by similar reference numerals. Inthe base
station (the AP) shown in Fig. 17, elements that operate
in similar manners to those in the base station 470 shown
in Fig. 9 are denoted by the same reference numerals
as those used in Fig. 9. Note that it is assumed that com-
munication between the wireless apparatus 453 of the
terminal 1050 and the base station 470 shown in Fig. 17
is performed using, for example, radio waves.

[0180] Inthethird device 1400AinFig. 17, atransmitter
1404-1 gets, as inputs thereto, information 1401-1 relat-
ed to an SSID and data 1402-1, and generates a (light)
modulated signal 1405-1 based on these input signals
and outputs the resultant modulated signal 1405-1. The
modulated signal 1405-1 is transmitted, for example,
from the light source 1406-1.

[0181] In the fourth device 1400B in Fig. 17, a trans-
mitter 1404-2 gets, as inputs thereto, information 1403-2
related to an encryption key and data 1402-2, and gen-
erates a (light) modulated signal 1405-2 based on these
input signals and outputs the resultant modulated signal
1405-2. The modulated signal 1405-2 is transmitted, for
example, from the light source 1406-2.

[0182] Next, information 1401-1 related to the SSID
and information 1403-2 related to the encryption key are
described below.

[0183] First, the information 1401-1 related to the SSID
is described.
[0184] The information 1401-1 related to the SSID is

information indicating the SSID of the base station 470
in Fig. 17. That is, the third device 1400A can provide,
tothe terminal 1050, access to the base station 470 which
is a secure access destination via a radio wave. Thus,
the terminal 1050 shown in Fig. 17 can securely obtain
information from the base station 470.

[0185] When the terminal 1050 receives a light signal
transmitted in a predetermined scheme, the terminal
1050 may determine that the notified SSID is an SSID of
a secure base station. The terminal 1050 may perform a
separate process of determining whether the notified
SSID is secure or not. For example, the third device
1400A may transmit a light signal including a predeter-
mined identifier, and the terminal 1050 may determine
whether the notified SSID is an SSID of a secure base
station or not based on the received identifier.

[0186] Although only the base station 470 is shown in
Fig. 17, there may be one or more other base stations
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(or APs) in addition to the base station 470. Also, in such
a case, the terminal 1050 may access the base station
470 using the SSID obtained from the third device 1400A
and the encryption key acquired from the fourth device
1400B to acquire information.

[0187] Next, the information 1403-2 related to the en-
cryption key is described.

[0188] The encryption key information 1403-2 is infor-
mation related to an encryption key required for the ter-
minal 1050 to communicate with the base station 470 via
aradio wave. By acquiring the information 1403-2 related
to the encryption key from the fourth device 1400B, it
becomes possible for the terminal 1050 to perform en-
crypted communication with the base station 470.
[0189] The information 1401-1 related to the SSID and
the information 1403-2 related to the encryption key have
been described above.

[0190] The terminal 1050 in Fig. 17 receives a modu-
lated signal transmitted from the third device 1400A.
[0191] The light receiver 151 of the terminal 1050 is,
for example, an image sensor such as a CMOS sensor
or an organic CMOS sensor. The light receiver 151 re-
ceives light including the modulated signal transmitted
from the third device 1400A, and outputs a reception sig-
nal 152.

[0192] The receiver 153 receives, as an input thereto,
the reception signal 152 received by the light receiver
151, and performs processing such as demodulation/er-
ror correction decoding on the modulated signal included
in the reception signal 152 and outputs a result as recep-
tion data 154.

[0193] The data analysis unit 155 receives, as an input
thereto, the reception data 154, and outputs, based on
the reception data, for example, information 1051 related
to the SSID of the base station that is to be a connection
destination. Thus, the wireless apparatus 453 obtains,
from the information 1051 relates to the SSID, the infor-
mation on the SSID of the base station 470 that the wire-
less apparatus 453 is to connect to via a radio wave.
[0194] The terminal 1050 in Fig. 17 receives the mod-
ulated signal transmitted from the fourth device 1400B.
[0195] The light receiver 151 of the terminal 1050 is,
for example, an image sensor such as a CMOS sensor
or an organic CMOS sensor. The light receiver 151 re-
ceives light including the modulated signal transmitted
from the fourth device 1400B, and outputs a reception
signal 152.

[0196] The receiver 153 receives, as an input thereto,
the reception signal 152 received by the light receiver
151, and performs processing such as demodulation/er-
ror correction decoding on the modulated signal included
in the reception signal 152 and outputs a result as recep-
tion data 154.

[0197] The data analysis unit 155 receives, as an input
thereto, the reception data 154, and outputs, based on
the reception data, for example, information 1052 related
to an encryption key for communicating with a base sta-
tion that is to be a connection destination. Encryption
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schemes for use in a wireless LAN (Local Area Network)
include, for example, WEP (Wired Equivalent Privacy),
WPA (Wi-Fi Protected Access), WPA2 (Wi-Fi Protected
Access 2) (PSK (Pre-Shared Key) mode, EAP (Extended
Authentication Protocol) mode). Note that the encryption
schemes are not limited to the examples described
above.

[0198] Thus, from the information 1052 relates to the
encryption key for communicating with the base station
to which the wireless apparatus 453 is to connect (for
example, via a radio wave), the wireless apparatus 453
inthe terminal 1050 obtains information on the encryption
key for communicating with the base station 470 to which
the wireless apparatus 453 is to be connected.

[0199] The display 157 receives, as inputs thereto, the
information 1051 on the SSID and the information 1052
onthe encryption key, and displays, forexample, an SSID
of a communication counterpart to be accessed by the
wireless apparatus 453 of the terminal 1050 and an en-
cryption key (this displaying is referred to as "first dis-
playing" according to the present embodiment).

[0200] For example, after the first displaying, the wire-
less apparatus 453 receives, as inputs thereto, the SSID
information 1051 and the encryption key information
1052, and establishes a radio-wave connection with the
base station 470. In this situation, in a case where the
base station 470 also communicates with the wireless
apparatus 453 of the terminal 1050, the base station 470
transmits a modulated signal using, for example, a radio
wave.

[0201] Thereafter, the wireless apparatus 453 re-
ceives, as inputs thereto, the data 1053 and the control
signal 1054, and modulates the data 1053 according to
the control indicated by the control signal 1054 and trans-
mits a result as the modulated signal using a radio wave.
[0202] Then, for example, the base station 470 per-
forms data transmission (471) to a network and data re-
ception (472) from the network. Thereafter, for example,
the base station 470 transmits the modulated signal to
the terminal 1050 using a radio wave.

[0203] The wirelessapparatus453inthe terminal 1050
performs processing such as demodulation, error correc-
tion decoding, and/or the like on the modulated signal
received via the radio wave thereby acquiring reception
data 1056. The display 157 performs displaying based
on the reception data 1056.

[0204] Fig. 18 illustrates an example of a frame con-
figuration of a modulated signal transmitted by the third
device 1400A shown in Fig. 17. In Fig. 18, a horizontal
axis represents time. In Fig. 18, symbols similar to those
in Fig. 2, Fig. 10, or Fig. 14 are denoted by similar refer-
ence numerals, and a description thereof is omitted.
[0205] A symbol 600-1 related to an SSID is a symbol
for transmitting the information 1401-1 related to the
SSID shown in Fig. 17. A data symbol 1102 is a symbol
for transmitting the data 1402-1.

[0206] The third device 1400A transmits a preamble
201, a control information symbol 202, a symbol 600-1
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related to an SSID, and a data symbol 1102. The third
device 1400A may transmit a frame including a symbol
other than the symbols shown in Fig. 18. The frame con-
figuration, including the order of transmitting symbols, is
not limited to the configuration shown in Fig. 18.

[0207] Fig. 19 illustrates an example of a frame con-
figuration of a modulated signal transmitted by the fourth
device 1400B shown in Fig. 17. In Fig. 19, a horizontal
axis represents time. In Fig. 19, symbols similar to those
shown in Fig. 7 or Fig. 14 are denoted by the same ref-
erence numerals, and a description thereof is omitted.
[0208] A symbol 1101 related to an encryption key is
a symbol for transmitting the information 1403-2 related
to the encryption key shown in Fig. 17. A data symbol
1102 is a symbol for transmitting the data 1402-2.
[0209] The fourth device 1400B transmits a preamble
201, a control information symbol 202, a symbol 1101
related to an encryption key, and a data symbol 1102.
The fourth device 1400B shown in Fig. 17 may transmit
aframe including a symbol other than the symbols shown
in Fig. 19. The frame configuration, including the order
of transmitting symbols, is not limited to the configuration
shown in Fig. 19.

[0210] Theframe configuration of the modulated signal
transmitted by wireless apparatus 453 according to the
present embodiment is the same as the frame configu-
ration according to Embodiment 4 described above with
reference to Fig. 15. That is, as shown in Fig. 15, the
wireless apparatus 453 included in the terminal 1050
transmits, for example, a preamble 1201, and then trans-
mits a control information symbol 1202 and an informa-
tion symbol 1203.

[0211] The preamble 1201 is a symbol for use by the
base station (or the AP) 470 in, when receiving the mod-
ulated signal transmitted from the wireless apparatus 453
of the terminal 1050 shown in Fig. 17, performing, for
example, signal detection, time synchronization, frame
synchronization, a frequency synchronization, frequency
offset estimation and/or the like.

[0212] The control information symbol 1202 is, for ex-
ample, a symbol including data such as information re-
lated to an error correction coding scheme and modula-
tion scheme used in generating a modulated signal, in-
formation related to a frame configuration, and informa-
tion related to a transmission scheme, and/or the like.
The base station 470 performs processing such as de-
modulation on the modulated signal or the like based on
the information included in the control information symbol
1202.

[0213] The information symbol 1203 is a symbol for
the wireless apparatus 453 of the terminal 1050 to trans-
mit data.

[0214] Thewirelessapparatus 453 ofthe terminal 1050
shown in Fig. 17 may transmit a frame including a symbol
other than the symbols shown in Fig. 15. For example,
the wireless apparatus 453 may transmit a frame includ-
ing a pilot symbol (a reference symbol) in the middle of
the information symbol 1203, or the like. The frame con-
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figuration, including the order of transmitting symbols, is
not limited to the configuration shown in Fig. 15. In Fig.
15, a plurality of symbols may exist in a direction along
the frequency axis. Thatis, in Fig. 15, symbols may exist
at a plurality of frequencies (a plurality of carriers).
[0215] The frame configuration of the modulated signal
transmitted by base station 470 according to the present
embodiment is the same as the frame configuration ac-
cording to Embodiment 3 described above with reference
to Fig. 11. That is, as shown in Fig. 11, the base station
470 transmits, for example, a preamble 701, and then
transmits a control information symbol 702 and an infor-
mation symbol 703.

[0216] The preamble 701 is a symbol for use by the
wireless apparatus 453 of the terminal 1050 shown in
Fig. 17 in, when receiving the modulated signal transmit-
ted by the base station 470, performing, for example,
signal detection, time synchronization, frame synchroni-
zation, frequency synchronization, frequency offset esti-
mation, and/or the like.

[0217] The control information symbol 702 is, for ex-
ample, a symbol including data such as information re-
lated to an error correction coding scheme and a modu-
lation scheme used in generating a modulated signal,
information related to a frame configuration, information
related to a transmission scheme, and/or the like. The
wireless apparatus 453 of the terminal 1050 shown in
Fig. 17 performs processing such as demodulation or the
like on the modulated signal based on the information
represented by the control information symbol 702.
[0218] The information symbol 703 is a symbol used
by the base station 470 in Fig. 17 to transmit data.
[0219] The base station 470 shown in Fig. 17 may
transmit a frame including a symbol other than the sym-
bols shown in Fig. 11. For example, the base station 470
may transmit aframe including a pilot symbol (a reference
symbol) in the middle of the information symbol 703, or
the like. The frame configuration, including the order of
transmitting symbols, is not limited to the configuration
shown in Fig. 11. In Fig. 11, a plurality of symbols may
exist in a direction along the frequency axis. That is, in
Fig. 11, symbols may exist at a plurality of frequencies
(a plurality of carriers).

[0220] Forexample,in a method, the modulated signal
in the frame configuration shown in Fig. 18 may be trans-
mitted by the third device 1400A repeatedly, for example,
at regular intervals. This makes it possible for a plurality
of terminals 1050 to perform the operation as described
above. Similarly, in a method, the modulated signal in
the frame configuration shown in Fig. 19 may be trans-
mitted by the fourth device 1400B repeatedly, for exam-
ple, at regular intervals. This makes it possible for a plu-
rality of terminals 1050 to perform the operation as de-
scribed above.

[0221] Fig. 20 is a flow chart illustrating a first example
of processing performed by the "third device 1400A", the
"fourth device 1400B", the "terminal 1050", and the "base
station 470" illustrated in Fig. 17. In Fig. 20, elements
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that operate in similar manners to those shown in Fig. 16
are denoted by similar reference numerals.

[0222] First, the third device 1400A transmits a mod-
ulated signal in the frame configuration shown in Fig. 18
(ST1701).

[0223] The terminal 1050 receives the modulated sig-
nal transmitted from the third device 1400A, and acquires
the SSID of the base station 470 to be accessed by the
terminal 1050 (ST1702).

[0224] Next, the fourth device 1400B transmits a mod-
ulated signal in the frame configuration shown in Fig. 19
(ST1703).

[0225] The terminal 1050 receives the modulated sig-
nal transmitted from the fourth device 1400B, and ac-
quires the encryption key for use in communicating with
the base station 470 to be accessed by the terminal 1050
(ST1704).

[0226] The terminal 1050 then connects to the base
station 470 using a radio wave (ST1304). When the ter-
minal 1050 receives a response from the base station
470, the radio-wave connection with the base station 470
is completed (ST1305).

[0227] The terminal 1050 then transmits connection
destination information to the base station 470 using a
radio wave (ST1306).

[0228] The base station 470 obtains information to be
transmitted to the terminal 1050 from a network
(ST1307).

[0229] The base station 470 transmits the obtained in-
formation to the terminal 1050 using a radio wave. The
terminal 1050 obtains this information (ST1308). The ter-
minal 1050 may obtain necessary information from the
network via the base station 470, for example, when nec-
essary.

[0230] Fig. 21 is a flow chart illustrating a second ex-
ample of processing performed by the "third device
1400A", the "fourth device 1400B", the "terminal 1050",
and the "base station 470" illustrated in Fig. 17. In Fig.
21, elements that operate in similar manners to those
shown in Fig. 16 are denoted by similar reference nu-
merals.

[0231] First, the fourth device 1400B transmits a mod-
ulated signal in the frame configuration shown in Fig. 19
(ST1801).

[0232] The terminal 1050 receives the modulated sig-
nal transmitted from the fourth device 1400B, and ac-
quires the encryption key for use in communicating with
the base station 470 to be accessed by the terminal 1050
(ST1802).

[0233] Next, the third device 1400A transmits a mod-
ulated signal in the frame configuration shown in Fig. 18
(ST1803).

[0234] The terminal 1050 receives the modulated sig-
nal transmitted from the third device 1400A, and acquires
the SSID of the base station 470 to be accessed by the
terminal 1050 (ST1804).

[0235] The terminal 1050 then connects to the base
station 470 using a radio wave (ST1304). When the ter-
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minal 1050 receives a response from the base station
470, the radio-wave connection with the base station 470
is completed (ST1305).

[0236] The terminal 1050 then transmits connection
destination information to the base station 470 using a
radio wave (ST1306).

[0237] The base station 470 obtains information to be
transmitted to the terminal 1050 from a network
(ST1307).

[0238] The base station 470 transmits the obtained in-
formation to the terminal 1050 using a radio wave. The
terminal 1050 obtains this information (ST1308). The ter-
minal 1050 may obtain necessary information from the
network via the base station 470, for example, when nec-
essary.

[0239] As described above, based on the SSID trans-
mitted from the third device 1400A and the information
on the encryption key transmitted from the fourth device
1400B, the terminal 1050 connects to the base station
470 and acquires information. That is, since the device
from which the terminal 1050 acquires information on the
SSID is different from the device from which the informa-
tion on the encryption key is acquired, the information
can be securely acquired via the base station 470 whose
security is guaranteed. Thisis because when the terminal
1050 obtains information from a modulated signal of vis-
ible light, use of the visible light allows the user to easily
determine whether the information source is secure or
not. In contrast, for example, in a case where an SSID
is acquired from a modulated signal of a radio wave trans-
mitted via a wireless LAN, it is difficult for a user to de-
termine a device from which the radio wave is received.
Thus, from the point of view of ensuring the security of
information, visible light communication is more suitable
for acquiring an SSID than wireless LAN communication.
[0240] In the present embodiment described above,
by way of example, the fourth device 1400B transmits
the information on the encryption key. However, for ex-
ample, when the base station 470 does not perform com-
munication encrypted using an encryption key, the infor-
mation on the encryption key is not transmitted by the
fourth device 1400B. In this case, only the information
on the SSID may be transmitted by the third device
1400A. In this case, the operation may be performed in
a similar manner as described above except that part of
the operation related to the encryption key described
above is not performed.

[0241] Inthe presentembodiment, the device (the third
device 1400A) that transmits information related to the
SSID is different from the device (the fourth device
1400B) that transmits information related to the encryp-
tion key, and thus it becomes possible for the terminal
1050 to more securely communicate with the base station
470.

[0242] Note that the encryption key for use by the ter-
minal 1050 in communicating with the base station 470
may be changed (forexample, in particular time intervals)
such that it becomes impossible for the terminal 1050
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having an old encryption key to communicate with the
base station 470. By performing such operation, itis pos-
sible to perform more secure communications.

[0243] Note that the configurations of the third device
and the fourth device are not limited to the specific con-
figurations of the third device 1400A and the fourth device
1400B shown in Fig. 17. The configuration of the terminal
is not limited to the specific configuration of the terminal
1050 shown in Fig. 17. The connection destination to
which the base station is connected is not limited to the
connection destination to which the base station 470
shown in Fig. 17 is connected, and the configuration of
the connection destination device is not limited to the
configuration of the connection destination device shown
in Fig. 17.

[0244] Furthermore, although in the example shown in
Fig. 17, the base station 470 is the only base station
existing there, there may be a plurality of (secure) base
stations (or APs) which can be accessed by the terminal
1050. In this case, the symbol related to the SSID trans-
mitted by the third device 1400A shown in Fig. 17 may
include information indicating the SSIDs of the respective
base stations 470. The symbol related to the encryption
key transmitted by the fourth device 1400B shown in Fig.
17 may include information on the encryption key used
to connect to each of the plurality of base stations. In this
case, the display 157 of the terminal 1050 in Fig. 17 dis-
plays information indicating access destinations (in the
above-described "first displaying") including a list of
SSIDs of the plurality of base stations and/or a list of a
plurality of access destinations. The terminal 1050 in Fig.
17 may select one or more base stations to be actually
connected wirelessly based on the information on the
SSIDs of the plurality of base stations and the information
on the encryption keys (that is, the terminal 1050 may be
connected to a plurality of base stations at the same
time).

[0245] For example, let it be assumed that there are
three base stations 470. Herein, let the three base sta-
tions 470 be respectively referred to as a base station
#A, a base station #B, and a base station #C. Further-
more, let it be assumed that the SSID of the base station
#A is "abcdef", the SSID of the base station #B is "ghijk",
and the SSID of the base station #C is "pgrstu". Let it be
further assumed that an encryption key for connecting to
the base station #A is "123", an encryption key for con-
necting to the base station #B is "456", and an encryption
key for connecting to the base station #C is "789".
[0246] In this case, the symbol 600-1 related to the
SSID described in the modulated signal transmitted from
the third device 1400A in the frame configuration shown
in Fig. 18 includes information indicating the SSID of the
base station #A is "abcdef’, SSID of the base station #B
is "ghijk" and the SSID of the base station #C is "pqrstu”.
The symbol 1101 related to the encryption key in the
frame configuration shown in Fig. 19 in the modulated
signal transmitted by the fourth device 1400B includes
information indicating that an encryption key for connect-
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ing to the base station #A is "123", an encryption key for
connecting to the base station #B is "456", and an en-
cryption key for connecti